1. Introduction {#s0005}
===============

The development of Pakistan is very closely related to its effort for environmental protection. In this regard, Pakistan Environment Protection Ordinance (PEPO) in 1983 defined the legal framework. Pakistan being a member of the third world countries is still lacking pollution abatement standards, environmental management infrastructure, political will and public awareness. Despite this, a group of scientists and researchers are in continuous effort to eliminate the wastefulness and shift to principles of sustainable development to protect the environment and entire ecology from harmful effects of a wide variety of toxic inorganic and organic chemicals discharged as industrial wastes, causing serious water, air, and soil pollution.

In response to such challenges, efficient and cost‐effective treatment technologies are widely investigated. Adsorption is a well-known separation method and recognized as one of efficient and economic methods for water decontamination applications. A major advantage of adsorption lies in the fact that the persistent compounds are removed, rather than being broken down to potentially dangerous metabolites that may be produced by oxidation and reductive processes ([@b0265], [@b0170], [@b0175]).

A wide range of adsorbents are tested to be highly efficient due to simplicity, low cost, effectiveness and availability. In addition, the adsorbents can be regenerated by suitable desorption processes ([@b0200]). Selection of novel adsorbents with multiple and diverse application range is a challenge. In the same spirit, promising organic-inorganic hybrids have been used for the removal of toxic species from wastewater ([@b0275], [@b0280], [@b0095], [@b0295], [@b0240], [@b0245], [@b0220], [@b0100], [@b0205]). The characteristic feature of these compounds is the combined advantage of functional variation of organic materials and thermally stable inorganic substrate, resulting in strong binding affinities. Further, the Functionalized hybrids present the best properties of each of its components in a synergic way and have high performances of physical, chemical and mechanical properties ([@b0160]).

Phenols are important aromatic compounds having antioxidant properties. It can inhibit the oxidative degradation of organic materials. Phenols are naturally constituent in a number of biological aerobic organisms such as human blood plasma, mammalian urine, pine needles and oil from tobacco leaves. Phenol derivatives such as α-tocopherol are a component of vitamin E, thymol and carvacrol are components of lignin, from which phenol is liberated by hydrolysis.

Commercially, phenol is used in the production of phenolic resins phenol--formaldehyde resin called Bakelite phenolphthalein used as an indicator. Dilute solutions of Phenols are useful antiseptics, since Phenols are more acidic than aliphatic alcohols. However, its toxic fumes cause kidney damage. It is likely that Phenol solution contains dioxins. Consequently, phenol has only limited use in pharmaceuticals today because of its toxicity. Phenols penetrate deep into the tissue, leading to gangrene through damage to blood vessels ([@b0185]). Ingestion of phenols in concentration from 10 to 240 mg/l for a long time causes mouth irritation, diarrhea, and excretion of dark urine and vision problems ([@b0190]).

Most of the phenol absorbed by the body is excreted in the urine as phenol and/or its metabolites. Only smaller quantities are excreted with feces or exhaled. The refractory Phenols form stable free radicals. Such a property is undesirable ([@b0195]d) that makes it an important pollutant in wastewater. Phenols are released by industries that produce chlorophenols for use as fungicides and insecticides in agriculture sector.

A number of phenolic compounds like chlorinated, nitrated, methylated or alkylated are prevalent in the environment due to chemical processing industries and use of numerous pesticides. For instance, N-acetylated Aminophenol is a component of Paracetamol ([@b0180]). 3-aminophenol, 2-aminophenol and 2.4-diaminophenol are used as biomarkers for analysis of drugs ([@b0270]), precursor for indole synthesis, preparation of hair dyes ([@b0070]), respectively. Nitrophenols result due to environmental reaction of phenol with nitrite ions.

Toxicity of Phenolic compounds is due to hydrophobic nature and property to generate reactive radicals. Phenolic compounds in potable water emit an unpleasant odor and flavor in concentration as low as 5 μg/l and are poisonous to aquatic life, plants and humans. Furthermore, the position of substitution in phenol molecule also affects the toxic action. p-Nitrophenol is classified as a priority pollutant and potential environmental toxicant ([@b0135]) due to its rapid breakdown in water. The Maximum Contaminant Level of 1 μg/L in drinking water ([@b0260]) is defined for phenols.

The significant environmental risks urge for the rapid removal and detoxification of phenols. Different physical, chemical and biological treatment processes are frequently employed ([@b0305], [@b0255]). For instance, adsorption, ultrasonic irradiation and microwave assisted oxidation are preferred for removal of p-Nitrophenol. Further, different materials for adsorption are investigated by a number of researchers. [@b0230] applied activated carbons, activated alumina, filtrasorb-400, silica gel and zeolites for adsorption of phenol from water. [@b0065] attempted porous clay heterostructure as adsorbents for removal of phenol and dichlorophenols.

The development of present research draws its essence from the increasing concentration of diverse toxic pollutants in different compartments of the environment. Further, there is a continuous effort to synthesize materials with multidimensional properties. The present research focuses on preparation of specialized materials based on silica (abundantly available natural precursor) with specific property to adsorb pollutants and can also be accepted as an economical and efficient substitute to conventional adsorbents ([@b0250]). The preference of silica over other materials for preparation of Hybrid materials is based on the fact that silicates reveal many advantages.•Silica is transparent and does not scatter light. Silica show low optical loss in comparison to zirconia or titanium in its rutile phase.•Silica has very high thermal resistance ([@b0155]).•Organic-inorganic hybrids are preferred as attachment on silica surface is easier due to high number of cross-linking bonds ([@b0005]).•Immobilization of organic functional groups in the inorganic framework ([@b0060], [@b0005]) of silica renders more stability.

The functionalized silica hybrids are synthesized in the present work to explore the opportunities for optimal route of and factors (choice of precursor and surfactant) affecting the structure-activity properties and adsorption efficiency. The present study reports the removal of 4-amino phenol and p-Nitrophenol using the functionalized Mesoporous silica based hybrids as adsorbents.

2. Material and methods {#s0010}
=======================

This research is an attempt to synthesize functionalized hybrids with P104 as non-ionic structure directing agent and sodium silicate as silica precursor with five different organosilanes.

The direct co-condensation synthesis procedure follows addition of surfactant (4.0 g of P104) and 8 g KCl in 100 mL of water and 15 mL of Acetic acid at room temperature. A known amount of precursor was added and pre-hydrolyzed for 2 h. Organosilane (1.08 g) with a known organic moiety (3-Aminopropyltrimethoxysilane, APTMS) was added to the mixture under stirring (20 h) at 60 °C and static conditions of heating (at 100 °C for 24 h) for functionalization. The material was collected by filtration, dried in air and extracted with ethanol. Excessive Pluronic was washed with ethanol to remove template, filtered and dried under vacuum at 100 °C for 3 h ([@b0075]).

The same procedure was repeated for organosilanes with organic moieties of 3-Glucidoxypropyltrimethoxysilane (GPTMS); 3-Methacryloxypropyltrimethoxysilane (MPTMS); Vinyltrimethoxysilane (VTMS); and Phenyltrimethoxysilane (PTMS). Products obtained are coded as AM, GM, MM, VM and PM.

2.1. Characterization {#s0015}
---------------------

Each of the functionalized hybrid Mesoporous silica materials was comprehensively characterized to determine the surface and bulk characteristics by a wide range of techniques like Attenuated total reflectance (ATR) Infrared spectroscopy (Thermo Nicolet NEXUS 670 FTIR), SEM coupled with EDX (Hitachi SU-70 Analytical UHR FEG-SEM), XRD (PANalytical Empyrean) and TG/DTA (Perkin Elmer).

2.2. Adsorption protocol {#s0020}
------------------------

A known mass (3 mg) of each silica based hybrid is added to a known concentration of phenol (4-aminphenol and p-nitrophenol) solution. The contact of hybrid (adsorbent) and phenol (adsorbate) is made for a known time (20 min) on the shaker (Lab-companion SK-300). An aliquot is drawn after every 2 min, filtered and analyzed on UV-Vis spectrophotometer (UV-1601, Shimadzu) at the wavelength (*λ*~max~) of 275 nm and 317 nm for 4-aminphenol and p-nitrophenol, respectively. The concentration uptake was determined from the calibration curve constructed for standard phenol solution of five known dilutions.

The adsorbed concentration on the adsorbent or uptake on each hybrid is calculated by Eq. [(1)](#e0005){ref-type="disp-formula"}:$$q_{e} = \left( \frac{C_{i} - C_{e}}{W} \right)V$$where *C~i~*, *C~t~* and *C~e~* (mg/L) are the liquid-phase concentrations of adsorbate initially, at time *t* and at equilibrium, respectively. *V* is the volume (*L*) of the solution and *W* is the weight (g/L) of sorbent.

Removal of Metals (% *R*) by the synthesized silica based hybrids is determined from the relation given in Eq. [(2)](#e0010){ref-type="disp-formula"}:$$\%\ R = \left( \frac{C_{i} - C_{t}}{C_{i}} \right)100$$

3. Results and discussion {#s0025}
=========================

The successful synthesis of functionalized hybrids is attributed to diffusion of organic moiety into silica framework. The surface and bulk characteristics are revealed by a wide range of techniques.

3.1. ATR-FTIR {#s0030}
-------------

ATR-FTIR analysis of functionalized hybrids demonstrated significant peaks at 795 cm^−1^, 955 cm^−1^, 1348 cm^−1^ and 1839 cm^−1^ suggesting successful incorporation of the organic moiety (see [Fig. 1](#f0005){ref-type="fig"}a--e). These peaks also indicate the linkage of organic moiety to Silicon atom containing --OH, --NH~2~, --OC000000000000 000000000000 000000000000 111111111111 000000000000 111111111111 000000000000 000000000000 000000000000O, and --CHCH~2~ apical functional groups. This is also supported by the literature citing a number of such assignments for Mesoporous hybrid silica materials ([@b0145], [@b0085]). Therefore, it is reasonable to consider that the reaction products obtained by the hydrolytic condensation are a mixture of species with different structures ([@b0225]).Figure 1ATR of functionalized silica hybrids (a) AM (b) GM (c) MM (d) VM (e) PM.

The linkage of surface functional (amino) group in functionalized silica hybrids (AM) is clearly indicated by a characteristic IR peak for vibration of Si-CH~2~R (R = NH~2~) at 793 cm^−1^ as shown in [Fig. 1](#f0005){ref-type="fig"}a. On the other hand, stretching of NH~2~ as broad band (3250--3450 cm^−1^) and N--H deformation peaks are exhibited at 1640--1560 cm^−1^. The organic moiety of methyl group is manifested as C--H stretching at 2940--2800 cm^−1^ and around 1450 cm^−1^ ([@b0130], [@b0210]). The introduction of organic moiety also results in a relative decrease in the silanol bands, with an associated increase in new bands characteristic of immobilized amino propyl groups. This is evident by a broader NH~2~ symmetric stretching at 3264 cm^−1^. Similar bands are identified in amino modified silica (OSU-6-W-APTMS-1) synthesized by grafting method.

Methyacryl (MM) functionalized silica demonstrates characteristic absorption peak at 796 cm^-1^ assigned to --Si--OCH~3~ (see [Fig. 1](#f0005){ref-type="fig"}c). This is also supported by ([@b0165], [@b0290]) for propyl methacrylate groups in two modified silica (OSU-6-W-TMSPMA-1 and OSU-6-W-TMSPMA-2). This also demonstrates that efficiency of one pot synthesis is comparable to the grafting method ([@b0210]). The disappearance or non-existence of --CH~3~ bending mode vibration (at 1331 cm^−1^) indicates that there is no unreacted --OCH~3~ ([@b0140]). It further suggests the comparable rather better efficacy of direct co-condensation method ([@b0215]).

A sharp absorption band characteristic of non-hydrogen bonded silanols ([@b0300], [@b0110]) at 3746 cm^−1^ disappears in Glucidoxy (GM) functionalized hybrids. The new bands at 3696, 2935, 2971, 2870, and 1372 cm^−1^ appear at the expense of the band at 3746 cm^−1^. Further, epoxy group identified at 2971 and 2870 cm^−1^ may be assigned to νas(OC--H) and νs(OC--H) vibrations, respectively, in GPTMS (see [Fig. 1](#f0005){ref-type="fig"}b). Asymmetrical ring stretching at 794 cm^−1^ is also observed. Similar stretching is also marked by other authors ([@b0150], [@b0105]). The high percent transmittance may allow adding more functional groups onto the surface and formation of a highly ordered structure ([@b0120]).

On the other hand, functionalized silica hybrids also indicate the presence of strong Si--O--Si stretching vibration band at 1103 cm^−1^ due to pure silica precursor ([@b0090]). The vinyl group (VM) is depicted by the peak at 1630 cm^−1^ due to CC stretching vibration, confirming that vinyl group (--CHCH~2~) exists and connects to silicon atom in organosilane.

Functionalization of silica with organic moiety of phenyl (PM) distinguished by aromatic ring vibrations at 795 cm^−1^ and 954 cm^−1^ confirms that phenyl ring is bonded to a silicon atom. Mono substituted phenyl rings in plane deformation is reported ([@b0080]) at 1007 cm^−1^. The absence of this peak also indicates that presently synthesized hybrid is not mono-substituted.

3.2. SEM/EDX {#s0035}
------------

The morphological features including shape and size of functionalized hybrids were assessed under Scanning Electron Microscope (SEM) that revealed interesting features (see [Fig. 2](#f0010){ref-type="fig"}a--e). It is understood that morphology is dependent largely on the synthesis method, choice of ingredients and reaction conditions. Amino group (AM) induces a doughnut shape and rigorously blended morphology with silica material. Stacking of methacrylate hybrid (MM) is seen to turn into ladder. However, the spongy features are also visible reflecting the unreacted monodispersed particles. The proportion of unreacted particles may be attributed to relatively less blending imparting less linkage of two constituents. Bean shape whirling around each other is demonstrated by Glucidoxy silica hybrid (GM) distorting the hexagonal shape of silica. Furthermore, perforated layered structure and clearly distinguishing feature of vinyl sphere is the hallmark of phenyl and vinyl hybrids, respectively ([@b0115]).Figure 2SEM of functionalized silica hybrids (a) AM (b) GM (c) MM (d) VM (e) PM.

Functionalized silica hybrids containing functional groups of amine, glucidoxy, methacrylate, vinyl and phenyl revealed interesting compositions as atom percentage of Si, O, and C as common elements (see [Table 3.1](#t0005){ref-type="table"}). In addition, the presence of nitrogen in amine-hybrid is a clear indication of successful impregnation of organic moiety with silica framework. To a close approximation, the elements Si and O stand no significant variation with change in organic moiety.Table 3.1EDX data of synthesized functionalized mesoporous silica hybrids.Sample codesSi (%)O (%)C (%)N (%)AM27.5565.770.785.90GM20.3973.116.51--MM21.2464.7214.04--VM23.7070.076.23--PM19.3075.535.17--

This is based on the fact that silica source is used in each hybrid. The only variation is demonstrated by Carbon ranging from 0.78% to 14% in AM and MM, respectively. The lower C content is likely due to the presence of nitrogen in the earlier.

3.3. XRD {#s0040}
--------

Functionalized silica hybrids exhibited symmetries that are orthorhombic and tetragonal (see [Table 3.2](#t0010){ref-type="table"}). Both are of higher symmetry than hexagonal revealing extended network linkages in functionalized hybrids. So it might be concluded that addition of organosilanes to the basic framework of Mesoporous silica helps in stabilizing the hybrids. This stability is manifested and supported by the results of thermo gravimetric analysis.Table 3.2XRD data of synthesized functionalized mesoporous silica hybrids.Sample codesPlanes (Å)Angles (°)hkl indicesd-spacing2θ (°)Crystal systemAM*a* -- 22.2*α* -- 900207.560.758Orthorhombic*b* -- 15.0*β* -- 901119.200.623*c* -- 13.6*γ* -- 9020011.100.516GM*a* -- 9.52*α* -- 901009.540.601Tetragonal*b* -- 9.52*β* -- 901106.730.851*c* -- 9.40*γ* -- 902004.751.206MM*a* -- 11.8*α* -- 900115.101.123Tetragonal*b* -- 11.8*β* -- 900205.930.966*c* -- 5.65*γ* -- 902204.191.366VM*a* -- 13.7*α* -- 9002011.930.601Orthorhombic*b* -- 23.8*β* -- 901209.010.636*c* -- 3.99*γ* -- 902106.610.867PM*a* -- 13.2*α* -- 901117.390.775Orthorhombic*b* -- 18.5*β* -- 900216.820.840*c* -- 10.0*γ* -- 902006.600.868

The literature ([@b0285]) strongly supports the obsession of hkl indices of 100, 110 and 200 characteristics of Mesoporous silica (hexagonal geometry) even in the functionalized hybrids. The present study results are in accordance with the literature for hybrid (GM). The disagreement to this is also exhibited by functionalized hybrids (AM, MM, VM and PM). In addition to this agreement and disagreement of hkl indices, it is generally observed that symmetry is necessarily changed in each functionalized hybrids than Mesoporous silica. This change is directly attributed to the incorporation of organic moieties in hybrids. Further, the higher stabilized symmetries of hybrids are expected to exhibit better adsorption.

3.4. TG/DTA {#s0045}
-----------

Thermal analysis of synthesized Mesoporous silica on the basis of weight loss and enthalpy changes revealed important information. The recorded spectra of TG, DTG and DTA are presented ([Table 3.3](#t0015){ref-type="table"}).Table 3.3TG/DTA data of synthesized functionalized mesoporous silica hybrids.Sample codesWt. of sample g/molWeight loss (%) (1st step)Weight loss (%) (2nd step)Weight loss (%) ResiduePeak (min)Area (mJ)ΔH kJ/molAM15.50918.0140.04076.21744965.836.6290--305 °C305--1000 °CGM15.98238.5040.15475.88558372.1211.04130--250 °C250--1015 °CMM15.62724.3620.08539.245148.247.25155--305 °C305--980 °CVM14.24424.2410.14874.78389367.9017.2205--305 °C305--980 °CPM15.83317.6700.18475.31757394.988.92180--385 °C385--995 °C

Functionalized silica hybrids revealed characteristic features on TG/DTA curves. The apparent 2-step decomposition is due to larger moisture loss initially (Step 1) followed by actual weight loss of hybrid itself. The result is encouraging and supportive to successful synthesis and complete conversion of ingredients into a unified product. Further, single entity compound also indicates the purity of compound. It may be deduced that the functional group is successfully impregnated as a component of Si framework ([@b0050]).

It is also noted that relationship of weight loss with enthalpy cannot be inferred for functionalized silica. This may be due to the fact that organic moieties having different apical functional groups are inculcated to varying proportions into or onto the surface of material.

Results of Thermal studies can conveniently be compared with analysis done by range of other characterization techniques. For example, higher moisture loss in functionalized hybrids is satisfied by broad --OH peak assigned in ATR-FTIR studies. This is reflected by initial weight loss attributed to evolution of --OH group in moisture content ([@b0015], [@b0020], [@b0025], [@b0030]).

Thermally stable oligomer-templated silica with wormlike porous structures similar to those obtained using TEOS were synthesized using sodium silicate as a silica source ([@b0125], [@b0055]).

3.5. Adsorption application for phenols decontamination {#s0050}
-------------------------------------------------------

The application of synthesized Mesoporous silica and functionalized hybrids is extended for the decontamination of Phenolic compounds using protocol of batch adsorption process. The results are demonstrated graphically to exhibit different relations as a function of time.

The first observation is the dormant or insignificant role of varying contact time on percentage adsorption. It is encouraging to report that appreciable quantities of induced phenols on each synthesized material are adsorbed. This is evident by the removal percentage of more than 90% acquired on Mesoporous silica and functionalized hybrids ([@b0015], [@b0020], [@b0025], [@b0030]).

It is understood from the literature that addition of surfactant (SDS) reduces the adsorption for phenols ([@b0235]). However, the enhanced adsorption in the present study may be explained on the basis that non-ionic surfactant (P104) facilitates adsorption in comparison to ionic (SDS).

On the bases of results of adsorption trends (see [Fig. 3](#f0015){ref-type="fig"}), Functionalized hybrids can conveniently be categorized as potential adsorbents for (a) 4-aminophenol (b) p-nitrophenol. It is clearly distinguished that AM, GM MM and VM, PM belong to class (a) and (b), respectively. The postulate again stands true that lower adsorption of 4-aminophenol owns to unsaturation of vinyl and phenyl ([@b0015], [@b0020], [@b0025], [@b0030]).Figure 3Removal (% age) of phenols on functionalized silica hybrids (a) AM (b) GM (c) MM (d) VM (e) PM.

[Fig. 4](#f0020){ref-type="fig"} (a and b) clearly draws the comparative analysis of Mesoporous silica and functionalized hybrids as adsorbents for the removal of phenols with nitro and amino groups. The Mesoporous silica develop comparable adsorption efficiency to functionalized hybrids (AM; GM and MM). This reflects that organic moiety of --amino, -glucidoxy and -methacrylate is not contributing significantly in providing binding sites for phenol in the silica framework ([@b0035]).Figure 4Adsorption trends (% *R*) as a function of (a) silica based hybrids (b) phenols.

On the extreme, the polarization of functionalized hybrids having organic moiety of --phenyl (PM) and --vinyl (VM) is clearly visible. This polarization from normalization of Mesoporous silica extends more disparity for the removal of p-nitrophenols in comparison to 4-aminophenols. Thus, it can be concluded that p-nitrophenols develop comparable and better retention than Mesoporous silica on adsorbent class (a) and (b), respectively.

3.6. Equilibrium and kinetic study {#s0055}
----------------------------------

Application of Isotherms and Kinetic models is applied to explore the mode of adsorption for metal ions, phenols and PAHs onto functionalized silica based hybrid surfaces.

3.7. Batch sorption equilibrium dynamics {#s0060}
----------------------------------------

Equilibrium isotherms are applied to get an insight into sorption mechanism to propose surface properties and affinity of adsorbents. The treatment of present study data to Langmuir, Freundlich and Temkin Isotherms demonstrated *R*^2^ ≈ 1 for each of the synthesized silica hybrids, applied as adsorbent for the removal of both phenol derivatives; 4-aminophenol and p-nitrophenol (see [Table 3.4](#t0020){ref-type="table"}).Table 3.4Langmuir, Freundlich and Temkin Isotherms analysis against sorption variables for phenols.SorbentsSBA-15MSU-HVOPOAMGMMMVMPM*Langmuir parameters*4-Aminophenolq~m~ (mg/g)9.9809.9805.1175.1289.9909.9209.9505.1415.117K~L~ (L/mg)200410021.233−1.240−1001−14402011.249−1.233*R*^2^111111111p-Nitrophenolq~m~ (mg/g)8.3828.4038.1238.1308.3618.3548.3478.9608.156K~L~ (L/mg)−14.03−14.87−10.25−10.33−13.59−13.44−13.46−124−10.66*R*^2^0.9991111110.9991  *Freundlich parameters*4-Aminophenol*n*−166−111−2.512−2.525−2500−5.076−500−2.538−2.512K~F~ (mg/g)−115−76666.9368.86−11519.69−45970.92066.93*R*^2^0.9210.956110.9390.7380.91911p-Nitrophenol*n*−10.85−10.68−9.174−9.174−10.68−5.076−10.63−27.02−9.345K~F~ (mg/g)−48.89−48.89−48.89−48.89−48.8919.69−48.89−50.00−48.89*R*^2^11110.9990.73810.9961  *Temkin parameters*4-AminophenolB (KJ/mol)−0.0064−0.009−2.847−2.839−0.0036−0.019−0.019−2.829−2.846KT (L/g)000.02840.028209.1E−2275.4E−2190.02800.0284*R*^2^0.9210.956110.9390.7790.91911p-NitrophenolB (KJ/mol)−0.843−0.855−0.987−0.984−0.856−0.86−0.862−0.351−0.97K~T~ (L/g)2.28E−052.65E−050.00010.00012.68E−052.82E−052.89E−056.85E−129.34E−05*R*^2^11111110.9971

This confirms the adsorption of phenols on the homogenous surface layer and also indicates multilayer adsorption for all the silica hybrids resulting in an intricate adsorbate-adsorbent interaction. The homogeneity of the adsorbent structure is attributed to the silica commonly present in all the hybrids synthesized. However, heterogeneity is attributed to the induction of organic moieties within the silica network. Fitness of Temkin Isotherm indicates uniform distribution of the pollutant into the pores of adsorbent. Overall results indicate that all adsorbents followed the three isotherms were almost best fitted, except that Freundlich isotherm data are not good fitted for adsorption of phenols on GM that may be attributed to the blockage due to bulkiness of organic moiety which leads to less adsorption ([@b0040]).

3.8. Kinetic studies and adsorption capacity (qe) {#s0065}
-------------------------------------------------

Validation of zero order, pseudo-first order and pseudo-second order equations for Phenols adsorption is explored from linear plots. Kinetic studies suggest that for designing of a good adsorbent the variable parameters, the fitness of pseudo second order indicates dependence of adsorption on more than one factor ([@b0045]).

In the present study the incorporation of different organic moieties into the silica network for functionalization provides more binding sites. Optimizations of available binding sites for adsorption are few parameters evaluated for the development of good adsorbents. For Phenols, the adsorption capacity (qe) values signify that synthesized silica hybrids adsorbents are classified for adsorption efficiency as good (23--30 mg/g).

The general sequence of adsorbent efficiency of silica hybrids for the Phenols removal follows:

AM \> MM \> GM \> PM \> VM

The study of adsorption capacity suggests the possible and potential application of each functionalized silica hybrid as successful adsorbent for remediation of phenols pollution ([@b0010]).

4. Conclusions {#s0070}
==============

➢The synthesis of hybrids with diverse organic moieties is significant to provide opportunities to understand the role of each component in the hybrid. It also broadens the scope for application as potential adsorbents for the removal of organic pollutants.➢The emergence of new intense peaks in XRD spectra indicates the interaction of organic moiety with silica and crystal symmetry ranges from tetragonal to orthorhombic.➢EDX of functionalized hybrids containing amine, glucidoxy, methacrylate, vinyl and phenyl share common elements of Si, O, and C. In addition, presence of nitrogen in amine-hybrid is a clear indication of successful impregnation of amine moiety with silica framework.➢The Thermal degradation studies conclude that complexation of Mesoporous silica with organic functional groups gives strength and thermal stability to the hybrids.➢Functionalized hybrids can conveniently be categorized as potential adsorbents for (a) 4-aminophenol (b) p-nitrophenol. It is clearly distinguished that AM, GM MM and VM, PM belong to class (a) and (b), respectively. The postulate stands true that lower adsorption of 4-aminophenol is due to unsaturation of vinyl and phenyl.➢Adsorption isotherms of phenol derivatives are well-fitted with the Langmuir, Freundlich and Temkin Isotherms and the adsorption kinetics follows the pseudo second order model. The modeling confirms that the uptake is a chemisorption process.

The authors thank NISP Lab and FabLab at University of Maryland, College Park USA, Chemistry Labs in University of Malaya, Malaysia and Fatima Jinnah Women University, Rawalpindi, Pakistan, for providing the necessary techniques for characterization of synthesized materials. Authors also gratefully acknowledge HEC (Higher Education Commission, Pakistan) for providing IRSIP fellowship to Saima Nasreen for pursuing her doctoral research at UMD, USA.

Peer review under responsibility of King Saud University.

[^1]: Tel.: +92 324 5252100; fax: +92 51 9271168.
